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Summary 

Nicotine, respirable impended particle* (RSP), carbon monoxide (GO), and carbon 
dioxide (CO]) level! were measured in the smoking and nonsmoking sections of two 
cafeterias, a smoking lounge, and several offices. 

Smoking in the offices was regulated by one of three methods: 

1) smoking permitted ad Hb, 

2) smoking prohibited except in designated areas which were not separately ventilated, 
and 

3) smoking prohibited except in designated areas which were separately ventilated. 

Nicotine levels in the nonsmoking offices which received recirculated air from a 
designated smoking area were less than I.Opg/m*. There was no difference in average 
RSP, CO, and CO] concentrations between nonsmoking offices that received recirculated 
air from designated smoking areas and nonsmoking offices that did not receive 
recirulated air. The results indicate that the provision of a designated, but not separately 
ventilated smoking area can effectively eliminate or drastically reduce most components 
of environmental tobacco smoke from non-smoking offices. 


Introduction 

Policies to regulate smoking in offices have been developed and implemented by private 
companies and some government agencies in response to concerns of health effects from 
involuntary exposure to environmental tobacco smoke (ETS). Several North American 
municipalities have passed bylaws to regulate smoking in alt public buildings and the 
Canadian and American federal governments are currently developing methods to 
regulate smoking in workplaces under their jurisdiction. Most of the current or proposed 
bylaws establish no smoking as the workplace norm, except for specially designated areas 
where smoking is permitted. 

Four options are available to regulate smoking in the office-work area: 

1) Outright prohibition of smoking in all building locations; 

2) Restricting smoking to designated areas that are separately ventilated; 
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3) Restricting smoking to designated areas that are not separately ventilated; 

4) Providing some framework by which an adjustment between smoking and non¬ 
smoking workers can be achieved, without directly regulating the placement of 
smokers. 

The third option, that of providing a designated but not separately ventilated smoking 
area, appears to be the most frequently adopted procedure. The first option, an outright 
ban on smoking throughout a building, is usually an unsatisfactory solution because a 
certain proportion of building occupants are smokers who demand a location where they 
can be allowed to smoke. Smokers are found not only among employees but also among 
members of the public who are wailing for services. Buildings such as prisons or hospitals 
have full-time residents, some of whom are smokers. The second option, restricting 
smoking to designated areas that are separately ventilated, is often not a viable 
alternative because installing separate ventilation in an existing building may be 
physically impossible or very expensive. The fourth option is infrequently adopted 
because of objections by non-smokers or because of existing municipal regulations. 
Thus, the least disruptive and least costly solution for many buildings is to restrict 
smoking to designated, but not separately ventilated, areas. However, it is necessary to 
determine if the third option can reduce ETS constituents to acceptable levels. 

This report presents the results of two separate field studies of ETS levels in Canadian 
offices under conditions of normal occupancy, smoking and ventilation. 

The two studies were designed to provide data on two questions: 

1) What is the contribution of smoking to ambient levels of four substances: CO], CO, 
nicotine, and RSP in ofTices7 

2) How docs restricting smoking to specially designated, but not separately ventilated 
areas, affect the levels of these four substances in nonsmoking offices? 

Methods 
Series / 

In the first study, the number of office occupants and number of cigarettes smoked were 
observed while ambient levels of nicotine, CO and COj were measured on the 7th and 
11th floors of a government office building. (Measurements of RSP were also taken but, 
unfortunately, turned out to be inappropriately analyzed.) Smoking was permitted ad fib 
on the I Ith floor but was restricted on the 7th floor to a 22.5 m 2 (242 ft 3 ) coffee/smoking 
lounge where smoking was permitted at all times. The layout and design of the two floors 
were almost identical, with an open-area office of approximately 780m 1 (8,400ft 1 ) 
surrounding a 114 m 2 (1,230ft 2 ) mechanical/service core. 

Each floor had it's own independent ventilation system which recirculated between 
80% to 85% of the air returned from each floor and provided at least 20 cfm (cubic feet 
per minute) of fresh air per person. Except for leakage through elevator shafts and 
stairwells, no mixing or recirculation of air between floors occurred. The cofFee/ 
smoking lounge on the 7th floor was on the same ventilation system as the rest of the 
7th floor. 
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Series II 

In the second study, the number of office occupants and cigarettes smoked were observed 
while ambient levels of RSP, nicotine, GO and COj were measured In two adjacent 
buildings (A and B) containing a mixture of open-area offices, private offices and public 
waiting/service areas. 

Building A was a sealed, mechanically ventilated four storey office building with two 
levels of underground parking. Each of the four floors contained approximately 
1,390 m 1 (15,000 ft 5 ) of office space. Smoking was prohibited in all areas of the building 
except for a smoking section, in the fourth floor cafeteria, which was not separately 
ventilated. The ventilation system mixed indoor air from all parts of the building before 
recirculation. 

Building B was a 12-storey unsealed office building where most areas were passively 
ventilated by building leakage. Few areas had a separate ventilation system, and these 
systems were not connected to other ventilation systems. Consequently, there was no 
mechanical mixing of air from different floors or offices. Smoking was prohibited in all 
areas of the building except in the smoking section of a basement cafeteria. Heated/ 
cooled air was supplied separately to the cafeteria and exhausted through windows. 

Sampling Methods 

Nicotine: In Series I, eight l*h nicotine samples were collected in the designated smoking 
room, ten 1-h samples in the non-smoking offices on the 7th floor, and ten 1-h samples in 
the smoking-perm it ted offices on the 11th floor. In Series II, six 1 -h nicotine samples were 
collected in each of the smoking and non-smoking sections of the cafeterias of Buildings 
A and B; two samples on each of the four floors in the non-smoking offices of Building A 
and two samples in non-smoking offices of Building B. Of the samples obtained in the 
non-smoking offices of buildings A and B, six collected air for 2 h, three collected air for 
4 h and one collected air for 8 h. 

Ambient nicotine was sampled with a portable air sampling pump housed inside a 
briefcase. The sampling apparatus was designed to collect samples unobtrusively 
because of the previously noted effect of observation on occupant behavior (Health and 
Welfare Canada 1985a). Nicotine samples were collected by pumping air at I l/min 
through sorbent tubes containing XAD-4 resin, a styrene divinylbenzene copolymer. 
The sorbent tubes contained 80 mg of resin in the front (primary) section and 40 mg In 
the rear (secondary) section. After sampling, the sorbent tubes were refrigerated until 
analysis. 

The analytical procedure for nicotine was based on NIOSH (1977). Resin beads from 
the primary section of sorbent tubes were transferred to gas chromatograph autosampler 
vials containing I ml of ethyl acetate as the extraction solvent, 5 mg/I quinoline as an 
internal standard and 0 . 01 % by volume of triethylaminc to prevent adsorptive losses of 
nicotine onto the glass autosampler vials. Samples and spiked standards were placed on 
an automatic shaking device and shaken for 30 min. A Hewlett-Packard Model 5880A or 
Model 5830A gas chromatograph equipped with a nitrogen-phosphorous detector, an 
aulosampier and a GC terminal were used to determine peak areas of the nicotine 
samples and standards. The assayed nicotine was corrected for the desorption efficiency 
(usually 94%) of the particular lot of XAD-4 resin used in sampling. The final weight of 
nicotine detected was divided by the volume of air sampled to give results in MH/m*. The 
rear (backup) sections of sorbent tubes were analyzed separately and, except for one case, 
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gave nicotine determinations less than the detection limit, indicating no break-through of 
nicotine past the primary resin section, 

RSP: RSPs were measured in Series II during the entire period of nicotine sampling and 
were averaged over each sampling period. RSP (particles less than 5 pm diameter) levels 
were measured with a Sibata Scientific Technology P-5H digital dust indicator which 
senses light side-scattered by suspended particles. The unit was calibrated at the factory 
to monodispersed stearic acid particles with a mean diameter of 0.3 pm. The digital 
counts of particles per sampling time were converted to RSP levels in pg/m 5 . 

GO and COj: Co and COj levels were measured over 3-4-min-periods approximately 
midway into the 1- or 2-h nicotine sampling periods and at least twice during the 4- or 8 -h 
nicotine sampling periods. CO was measured using a direct reading electrochemical 
analyzer (Nova 310L) housed in a flight-case. COj was measured using extra low range 
COj Gastec detector tubes and a manual sampling pump. 

Other Observations: During each sampling period, the number of occupants and the 
number of cigarettes smoked in each predefined observation area were recorded. The 
observation areas were defined by the ability to survey the area. For purpopses of 
comparison, the average number of persons per 10 m 3 and cigarettes smoked per hour per 
10 m 3 were calculated. 


Results 
Series / 

Table t presents the average concentrations of nicotine, CO and CO 3 , the average 
number of persons per 10 m 3 , and the number of cigarettes smoked per hour per 10 m 1 
(where applicable) for the smoking-permitted and non-smoking floors and the designat¬ 
ed smoking area. 

Although the three areas differed substantially in the number of cigarettes smoked per 
hour per 10 m 3 , only ambient nicotine levels responded in a similar fashion. For example, 
the average smoking intensity (cigarettes per hour per 10 m 3 ) was 10.8 times greater in the 
smoking designated area than in the smoking-permitted floor. Similarly, the average 
ambient nicotine level was 15.6 times greater In the smoking designated than the 
smoking-permitted areas. Corresponding ratios for C0 2 and CO were only 1.3 and 1.7 
respectively. 


Tablet. Comparison of ETS related air quality variables (amiges) io smoking prohibited and 
permitted work areas and in designated smoking areas, site I 



Nicotine 

(Ug/m*) 

CO 

(ppm) 

CO, 

(ppm) 

Persons 
per 10 m 1 

Cigarettes/ 
h/10 m l 

Smoking permitted 

4.8 

2.5 

720 

0.79 

0.36 

Smoking prohibited 

< 1.6 

2.1 

680 

0.61 

NA 

Designated smoking 

75 

4.2 

960 

0.97 

3.9 
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Smoking wai nol observed on the non-smoking floor. The average ambient nicotine 
concentrations were below the limit of detection (i.e. less than 1 . 6 Mg/m*) for the 1 -h 
sampling periods used. CO and COj levels were slightly lower on the non-smoking floor 
than on the smoking-permitted floor. 

Table I also lists the average person densities for each of the three sampling areas. The 
average person density was 30% higher on the smoking-permitted floor and 60% higher 
in designated smoking area than on the non-smoking floor. Corresponding ratios 
calculated for CO and CO) show a similar pattern and range. 


Series II 

The data for the smoking and non-smoking cafeteria sections of Buildings A and B 
were combined because there were only very small differences in the results for each 
building. 

Figs. I through 4 summarize the ambient COj, CO, RSP and nicotine concentrations, 
in four areas under different smoking and ventilation conditions: the smoking sections of 
the two cafeterias, the non-smoking sections of the two cafeterias, the non-smoking 
offices of Building A which received recirculated air from other areas of the building, and 
Ihe separately ventilated non-smoking offices of Building B which did not receive 
recirculated air from other areas of the building. In each figure, the height of the bars give 
the average concentration, n gives the total number of samples on which the average is 
based. The range of observed values is given by the vertical line. 

Figure I shows that there was little difference between the COj levels in the smoking 
prohibited offices of building A and building B, whether or not they received recirculated 
air. The smoking and non-smoking sections of the cafeterias had slightly elevated, but 
not statistically significant, COj concentrations when compared to the non-smoking 
offices. These small increases in CO? levels could have been partly due to occupant 
density which was twice at high in the cafeteria sections than in the non-smoking offices. 



Fig. I. Comparison of average* and ranges of CO] concentrations for different smoking 
regulations, series II 



Fig. 2. Comparison of averages and ranges of CO concentrations for different smoking 
regulations, series 11 



Fig. 3. Comparison of averages and ranges of RSP concentrations for different smoking 
regulations, series II 


The distribution of mean ambient CO levels is similar to that for C 0 2 , as shown in Fig. 
2. Although mean CO levels were higher in both cafeteria sections than in the non¬ 
smoking offices, none of the differences were statistically significant. 

There were no differences in RSP concentrations between the non-smoking offices 
with and without recirculated air, as shown in Fig. 3. However, the mean RSP level in the 
smoking section of the cafeterias was 2.6 times that in the non-smoking offices while the 
mean level in the non-smoking section of the cafeterias was about l .7 times that found in 
non-smoking offices. 
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Fig. 4. Comparison of average! and range! of nicotine concentrations for different smoking 
regulations 


Figure 4 gives average ambient nicotine concentrations. In some instances the 
nicotine levels in the cafeteria sections were below the detection limit of 1.6 pg/m 3 . The 
mean nicotine concentration measured in the smoking sections of the cafeterias was more 
than twice that in the non-smoking sections of the cafeterias and at least 15 times that in 
the non-smoking offices which received recirculated air. 

The lower detection limit for nicotine is dependent upon the amount of air that is 
sampled. For the method used in this study, the lower detection limit was 0.8 pg/m 3 for a 
2-h sample,0.4pg/m 5 for a 4-h sample, and O.2pg/m 3 for an 8-h sample. Two-, four- and 
eight-hour samples were taken in non-smoking offices in Building A which received 
recirculated air. None of four 2-h samples were above the detection limit; one of three 4-h 
samples was above the detection limit and gave a determination of 1.0 pg/m 3 ; the single 8- 
h simple was also above the detection limit and yielded a determination of 0.8 pg/m 3 . 
These results indicate that the ambient nicotine concentration in these non-smoking 
ofTiccs was not larger than the maximum positive result of l.Opg/m 3 . 

Two 2-h nicotine samples were taken in non-smoking offices in building B which did 
not receive recirculated air, Nicotine was below the detection limit of 0.8 pg/m 3 in both 
samples. 


Discussion 

The Series I results suggest that ETS contributes little to ambient C0 2 levels. The 
differences in COj concentrations between the smokingrpermitted, prohibited and 
designated smoking areas were small compared with the observed differences in smoking 
intensity (cigarettes smoked per hour per 10m 2 ) and ambient nicotine levels. However, 
the sample sites with higher COj levels in Series I and II also had higher person densities. 
This suggests that people were the primary source of COj. 

Ambient CO concentrations increased with smoking (Table I and Fig. 2) but did not 
closely follow smoking intensity or nicotine concentrations. Other indoor and outdoor 
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sources of CO must also contribute to CO levels, as indicated by the background level of 
1.35 ppm in the non-smoking office without air recirculation. Part of the higher CO level 
in the cafeteria could also be due to cooking activities. 

RSP are produced both by smoking and by many other processes. The background 
RSP level, as indicated by the results for the non-smoking office without recirculated air, 
are about 39pg/m 3 . 

Not surprisingly, of the four substances measured, nicotine shows the strongest 
association with smoking. There are few if any significant sources of nicotine in the non- 
industrial indoor environment other than smoking and it follows that nicotine is an 
accurate marker of ETS exposure. Improvements in nicotine measurement technology 
could result in the widespread use of nicotine as an indicator of ETS exposure (HWC 
1987). 

Restricting smoking to specially designated areas which are not separately ventilated 
appears to effectively prevent high ETS levels in adjacent non-smoking areas. Both RSP 
and nicotine concentrations declined sharply from the smoking to the non-smoking 
sections of the cafeterias in Buildings A and B (Figs. 3 and 4). The recirculation of air 
from the smoking and non-smoking sections of the Building A cafeteria further diluted 
ETS to the extent that the levels of CO, COj, and RSP in the non-smoking offices of 
Building A were approximately the same as those levels in the non-smoking office in 
building B, which did not receive recirculated air. 

Nicotine levels were at or below 1 pg/m 3 in non-smoking offices which receive 
recirculated air from smoking designated areas. This level of exposure is very low. For 
example, breathing air which contains 1,0 pg/m 3 of nicotine for 1 h at an average 
respiration rate for office activity of 0.48 m 3 /h (ASHRAE 1986) is approx, equal to 
1/1,900th of the 900 pg of nicotine inhaled by a smoker from the mainstream smoke of 
one cigarette (Muramatsu et al. 1984). 

There are few published studies of nicotine levels in non-smoking offices. The nicotine 
levels observed by Bayer and Black (1986) are, unfortunately, not comparable with the 
results given here because their results are given in ng/m 2 /™***. Nevertheless, they did not 
detect nicotine in two of three non-smoking offices. 

Other office studies have also found low RSP levels in non-smoking areas close to 
smoking designated areas that are not separately ventilated (Lee 1985). These findings 
are reinforced by Health and Welfare Canada (HWC 1985a) who measured RSP, CO and 
COj concentrations before and after the implementation of a no smoking policy in offices 
that received recirculated air from a designated smoking area. After the no smoking 
policy was implemented, mean RSP levels decreased by 8 pg/m 3 , from 26pg/m 3 to 
!8pg/m 3 (HWC 1985a), 

Another Health and Welfare Canada study (HWC 1985 b) measured RSP and COj on 
three floors of an office building before and after the implementation of a no smoking 
policy. This study differed from the previous HWC study in that smoking was restricted 
to a separately ventilated area. Table 2 gives mean RSP concentrations for the three floors 
before and after the implementation of the no smoking policy. The average RSP 
concentration on the three floors decreased from 28.1 pg/m 3 to 21.1 pg/m 3 , for a net 
reduction of 7pg/m 3 . 

The results of the Series tl and the HWC (1985a) studies indicate that recirculated air 
from designated smoking areas contributes less than 8 pg/m 3 of RSP to non-smoking 
offices which receive such air. HWC (1985b) further suggests that ad lib smoking in 
offices under normal ventilation and occupancy conditions contributes about 7 pg/m 3 . 
These findings are substantially different from the widely quoted estimate by Repace and 
Lowrey (1980) that smoking increases RSP levels in offices by 170 to 200pg/m 3 . This 
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TaW* 2. Comparison of RSP mean concentrations on office floors before and after a no smoking 
policy was implemented (extracted from HWC, August, 1983) 



RSP (pg/m*) 

COj (ppm) 

Before no smoking policy 

Floor A 

29.3 

663 

Floor B 

30.0 

614 

Floor C 

25.0 

606 

Overall average 

28.1 

627 

After no smoking policy 

Floor A 

22.7 

591 

FloorB 

19.8 

551 

Floor C 

20.8 

503 

Overall average 

21.2 

351 


estimate, also accepted by Health and Welfare Canada, is based on modelling exposures. 
However, Repace and Lowrey** estimate is up to 21 to 29 times greater than the observed 
effect of smoking on RSP levels in the two HWC studies and, in fact, is 3.3 to 6.3 times 
larger than the average RSP concentration of 31.8 pg/m 3 from all sources found in 
smoking designated areaj in the HWC study (1985b). These results further verify the 
results of a comparison of air pollutant measurements in a large number of buildings with 
and without smoking regulations (Sterling et al. 1987). The study found only small 
differences in airborne particles (combined total and respirable particles). 

While smoking regulations are here to stay and will affect most offices under federal, 
provincial or municipal control in Canada, the haste to regulate smoking may have been 
based on the unrealistic modelled estimates of Repace and Lowrey or on “worst case" 
measurements in poorly ventilated workplaces, instead of on actual measurements of 
RSP levels in typical offices. 

The provision of a designated smoking area appears to effectively reduce ETS 
constituent levels in non-smoking offices, even if the designated smoking area is not 
separately ventilated. However, we should caution that an exclusive reliance on 
regulating smoking while Ignoring other sources of indoor pollution in the non-industrial 
work environment may accomplish little in meeting indoor air quality problems, 
especially in so-called "Sick Buildings" (Sterling et al. 1987). 
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